A passive, large-area experiment for the detection of cosmic ray actinides on the lunar surface is discussed. Due to the absence of a geomagnetic cutoff, a i00 m 2 array of nucleartrack-detecting glass plates in 5 years will detect -300-1000 U and Th cosmic ray nuclei of energies > 0.85 GeV/u (compared to the present world's total of 4 actinldes). With a charge resolution at uranium of -0.25e, the U/Th ratio can be accurately determined, thereby dating the r-process component of the cosmic rays; the presence of a fresh r-process component would be corroborated by the likely detection of transuranics as well. In addition, abundances in the Pt/Pb and sub-Pt/Pb regions and abundances of secondary actinides would provide detailed data on the 0-i g/cm 2 region of the cosmic ray path length distribution, hence on the astrophysical site of origin of these cosmic rays. Finally, should a fresh r-process component exist, the detection of postulated superheavy nuclei is conceivable. With an analysis station at the Lunar Base, glass plates could periodically be harvested, analyzed, annealed/remelted, and replaced onto the lunar surface.
INTRODUCTION
Data from the Danish-French instrument I and the Heavy Nuclei Experiment 2 on board HEAO-3, and the Ariel 6 satellite 3 show that for Z < 60 the galactic cosmic ray (CR) elemental distribution is very similar to that of the solar system (SS), after the effects of cosmic ray propagation have been taken into account 4. However, for Z > 60, data from the Heavy Nuclei Experiment and Ariel-6 instruments suggest that there may be a significant enhancement of r-process elements in the ultra-heavy componen t of the CR's 2, raising the possibility that a fraction of this component may be freshly synthesized nuclei from recent supernovae, accelerated to CR energies by the supernovae shocks.
A high:statistics measurement of the CR actinide abundances woulddefinitively answer this question. should be less than I0 ? yr (nuclear interactions reduce the lifetime from the CR lifetime of -107 yr derived from 1°Be data), the CR U/Th ratio is an excellent indicator of CR age since nucleosynthesis; the measurement of several hundred U + Th CR's would give a U/Th ratio to -10% accuracy, sufficient to determine the epoch of CR nucleosynthesis. In addition, the observation of short-lived transuranics such as Cm and Pu would be an unambiguous signature of a fresh r-process enhancement of the CR's, and would provide strong evidence for the role of shocks in CR acceleration.
A detector that is also capable of cleanly separating even and odd charges in the (Pt to Pb)/sub(Pt to Pb) region and beyond would dramatically improve our knowledge of the CR path length distribution (PLD) in the critical region of 0-i g/cm 2 , thereby yielding information on the astrophysical sites of origin of the CR's. To simultaneously fit CR secondary/primary ratios B/C and sub-Fe/Fe, an energy-dependent deficit in short (0-I g/cm ~) pathlengths in the CR PLD is required 8, supporting the picture of nested leaky box sources, such as OB associations in dense molecular clouds. The secondaries of Pt-Pb and U-Th are ideally suited to study this region of the PLD because their mean nuclear interaction length is of the order of i g/cm 2 in hydrogen. An extraordinary charge resolution is required for this purpose: < 0.3e at a Z of -90.
Finally, a high-statistics measurement of the ultraheavy CR's could conceivably result in the first detection of superheavy nuclei (Z > i00). Should an island of nuclear stability exist beyond the transuranics with lifetimes of > 107 yr, then a fresh r-process CR component might carry with itself the only extant superheavynuclei accessible to us.
At the present time, the total number of observed CR actinides is no more than four, detected with satellite instruments2, s of charge resolution > one charge unit at uranium. A lunar base, by comparison, would allow the deployment of an array capable of detecting several hundred actinides with a charge resolution of -0.25e.
LBHNC i0 3
The recent discovery ~ of the extraordinary properties of certain phosphate glasses as nuclear track detectors has made possible the construction of an extremely simple and powerful detector of ultraheavy CR's of Z>60. Schott's BP-1 s phosphate glass has remarkable immunity to many of the problems inherent in a long-duration space experiment involving nuclear track detectors. These include fading of latent tracks over exposure times of months or years at even fairly low temperatures °, the variation of sensitivity with registration temperature I° and oxygen pressure 11 , and the growth of latent track reactivity with time 12. BP-I glass suffers no fading of latent tracks up to a test limit of 5 months at 50 °C, ensuring negligible fading over several years at a lunar base site. At the design operating temperature of -20 "C, the dependence of track etch rate on registration temperature is remarkably weak, with a fractional shift in etch rate of only -i x 10-s/°C. Finally, the response of BP-I is independent of oxygenpressure, so pressure vessels with their unavoidable mass overburden are unnecessary; also, there is no measurable variation of latent track reactivity with time.
The charge resolution of BP-I glass is unequalled in the high-Z regime. Earth. The flux of CR U and Th can be estimated from the measured CR Fe flux by scaling with the SS U+Th/Fe ratio, and accounting for propagation effects. The CR Fe flux measured by the Danish-French HEAO-3 experiment I has been corrected for the effects of its (variable) geomagnetic cutoff, resulting in a spectrum corresponding to that at i AU outside the Earth's magnetosphere Is. This is then scaled by the SS abundance Propagation effects are taken into account by calculating £he survival fraction of both Fe primaries and U+Th primaries after propagation through a truncated exponential PLD using the energy-dependent parameters of GarciaMunoz et al. 6 , and correcting for first-ionization-potential selection effects 4. Imposing an energy cut of > 0.85 GeV/u to ensure adequate range within a glass stack, we estimate that a total of -350 U+Th nuclei (this does not include actinide secondaries) will be detected by LBHNC. Should the r-process enhancement suggested by the HEAO-C and Ariel-6 data be real, this number might be as high as -i000. In either case, these statistics would be sufficient to determine the U/Th ratio to within -I0%, and they imply that LBHNC would be sensitive to transuranics even if the fresh r-process component were to comprise only a few percent of the total ultraheavy CR flux.
